Objective: To investigate the fetal cerebroplacental ratio (CPR) in women presenting with reduced fetal movements (RFM).
INTRODUCTION
Pregnancies complicated by reduced fetal movements (RFM) are associated with an almost twofold increased risk of late stillbirth compared to women experiencing strong and frequent fetal movements. 1 Up to 55% of women diagnosed with an intrauterine fetal death have presented with RFM days before the actual fetal demise. [2] [3] [4] [5] As a risk marker in pregnancy, RFM is relatively common.
Approximately 6-10% of all pregnant women experience at least one episode of RFM in the third trimester. 6 The assessment and management of RFM have recently become the focus of ongoing prospective studies with an overall aim of reducing the increased stillbirth rate in this population. 7 Pregnancies complicated by RFM have also been associated with a higher incidence (15.6%) of small-for-gestational age (SGA)
babies when compared to women without RFM (7.6%). 8 Women presenting with recurrent episodes of RFM in particular, have been shown to give birth to SGA infants more frequently. 8 This association between fetal size and reduced fetal activity may be indicative of a common underlying pathophysiology of uteroplacental insufficiency. [9] [10] [11] [12] Fetal size was previously considered to be the most important factor in determining fetal well-being. However, recent studies have challenged this assumption giving consideration to other factors like cerebroplacental ratio (CPR). 13, 14 The CPR -the ratio of middle cerebral artery (MCA) to umbilical artery (UA)
Doppler pulsatility indices -is a marker of fetal cerebral blood-flow redistribution. 15 A lower CPR has been shown to be more strongly associated with adverse perinatal outcome, such as intrapartum operative delivery for fetal compromise and admission to the neonatal unit compared to birth weight (BW). 14, 16 The CPR is also a better predictor of adverse perinatal outcome than either biophysical profile or Doppler assessment of the UA or MCA alone 17 . Therefore, the assessment of CPR should be considered as an important tool during the third trimester ultrasound assessment. 14, 18, 19 Given the association between RFM and adverse perinatal outcome, we hypothesise that the CPR may be altered in cases presenting with RFM. The aim of This article is protected by copyright. All rights reserved.
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this study was to evaluate the CPR in women presenting with RFM at or beyond 36 weeks of gestation. Pregnancies were dated according to the crown-rump length measurement in the first trimester in accordance with national guidelines. 20 When the first ultrasound examination was performed after 14 weeks' gestation the pregnancies were dated according to the head circumference measurement. 21 Routine fetal biometry was measured during the ultrasound assessment according to the departmental protocol and the estimated fetal weight (EFW) was calculated. 22 The UA Doppler waveform was recorded in a free loop of cord using colour Doppler and the This article is protected by copyright. All rights reserved.
MATERIALS AND METHODS
Accepted Article pulsatility index (PI) was calculated using a standard protocol. 23 The MCA Doppler waveform was produced using colour Doppler adjacent to the circle of Willis where the vessel passes the sphenoid wing. The PI of the MCA was subsequently calculated according to a standard protocol. 24 The CPR was calculated as ratio between the MCA-PI and the UA-PI 15 as part of the study protocol and was not calculated at time of the ultrasound assessment. All Doppler studies were performed during fetal quiescence maintaining a Doppler angle of less than 30°
within the vessel.
In order to correct for gestational age all Doppler indices as well as the CPR ratio were converted into multiples of the median (MoM) using published reference ranges. 25, 26 EFW and BW values were converted into centiles. 27 Maternal characteristics including maternal age, ethnicity (Caucasian, Asian, Black, Mixed and Other), body mass index (BMI) and parity (parous/nulliparous if no previous pregnancies beyond 24 weeks' gestation) were recorded. Ethnicity was selfreported. Data on pregnancy outcome were collected from the hospital obstetric and neonatal records. These included pregnancy outcome, mode of delivery, gestation at birth, fetal sex, BW and admission to the neonatal intensive care unit.
SGA was defined as BW less than the 10 th centile after correcting for gestational age at delivery. Stillbirth was defined as fetal demise after 24 completed weeks of pregnancy. Perinatal mortality included stillbirth and neonatal death within the first 28 days after delivery. Although data integrity was aimed to be as high as possible, less than 10% missing data was achievable for all parameters.
Statistical analysis
The Kolmogorov-Smirnov tests of normality as well as histograms were used to assess the distribution of the data. Continuous Data were expressed as median and interquartile range (IQR). Continuous variables that were not normally distributed were compared using Mann Whitney U Test. Categorical variables were described as numbers (%) and differences between the groups were assessed using the Chi Squared test. 
DISCUSSION

Main findings
The findings of this study demonstrate that RFM are associated with fetal Doppler changes such as low MCA PI and CPR, reflecting fetal hypoxemia secondary to placental insufficiency. These changes were more evident in the pregnancies with multiple episodes of RFM, where the fetuses had significantly lower CPR and MCA PI compared to those with a single episode of RFM.
Interpretation of the study findings
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Clinical and Research Implications
There is now a wealth of consistent published data showing that CPR is more strongly and independently associated with adverse perinatal outcomes, such as the need for emergency operative delivery for presumed fetal compromise, low cord pH, admission to the neonatal unit, stillbirth and perinatal death, compared to BW centile.
Although, according to the Guidelines of the Royal College of Obstetrics and
Gynecology (RCOG) 30 and the American College of Obstetrics and Gynecology 31 , fetal Doppler evaluation is not essential during ultrasound assessment for RFM, our data suggests that there may be value in using fetal Dopplers in this evaluation. In addition it is also important to note that these guidelines predate the recent studies on CPR not taking the recent study findings into account.
In the current study, the subsequent development of HDP was demonstrated to be almost twice as high in women presenting with RFM compared to normal pregnancies. This finding suggests a causal relationship between RFM and SGA with HDP -potentially through the common aetiology of utero-placental insufficiency. This finding needs to be evaluated further in large prospective trials.
Strength and limitations
The main strengths of this study include the large number of women, comprehensive Doppler assessment and the adjustment of fetal Doppler, EFW and BW centiles for gestational age. Furthermore, sensitivity analyses were conducted to look at the effects of fetal size and number of episodes of RFM on the study outcomes. The limitations include the retrospective study design, more advanced gestation of the control group and the un-blinded nature of the groups, raising the potential for intervention bias, such as intervention by a clinician or offering This article is protected by copyright. All rights reserved.
Accepted Article induction of labor. However, the CPR values were not calculated before the analysis for this study. The healthcare professionals providing the clinical care were therefore effectively blinded to these values.
CONCLUSION
The findings of this study report the presence of fetal hypoxemia due to placental insufficiency in fetuses presenting with RFM. This is even more apparent in women presenting with recurrent episodes of RFM -despite the latter group having similar BW and prevalence of SGA to the single RFM cases. The additional finding that fetal deaths were observed only in the AGA fetuses with RFM, questions the relative importance of fetal size in the assessment of fetal well-being at term. The association between RFM and subsequent development of HDP deserves further attention.
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